Aerodynamic Characteristics of Low-Aspect-Ratio Wings in Close Proximity to the Ground by Lastinger, James L. & Fink, Marvin P.
uf
<
.<
Z
bl 6Z 71500
NASA TN D-926
//t/-o 2_._
TECHNICAL NOTE
D-926
AERODYNAMIC CHARACTERISTICS OF LOW-ASPECT-RATIO WINGS IN
CLOSE PROXIMITY TO THE GROUND
By Marvin P. Fink and James L. Lastinger
Langley Research Center
Langley Field, Va.
NASA FILE COPY
]ean expires on _late _}amper) on back cover
PLEASE RETLI;,N TO COO;" EFL
OFFICE OF TECItI_!ICAL ([']F;J2i:_,_,l!ON
AND EDUCATIONAL PROGI:i;\i:4S
NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
Washington 25, D. C,
NATIONAL AERONAUTICS AND SPACE
WASHINGTON
ADMINISTRATION
July 1961
https://ntrs.nasa.gov/search.jsp?R=19980231058 2020-06-15T23:15:11+00:00Z
1
1T
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
TECHNICAL NOTE D-926
AERODYNAMIC CHARACTERISTICS OF LOW-ASPECT-RATI0 WINGS IN
CLOSE PROXIMITY TO TEE GROUND
By Marvin P. Fink and James L. Lastlnger
L
1
3
6
7
SUMMARY
A wind-tunnel investigation has been conducted to determine the
effect of ground proximity on the aerodynamic characteristics of thick
highly cambered rectangular wings with aspect ratios of l, 2, 4, and 6.
The results showed that, for these aspect ratios, as the ground was
approached all wings experienced increases in lift-curve slope and
reductions in induced drag which resulted in increases in llft-drag
ratio. Although an increase in lift-curve slope was obtained for all
aspect ratios as the ground was approached, the lift coefficient at an
angle of attack of 0° for any given aspect ratio remained nearly constant.
The experimental results were in general agreement with Wieselsberger's
ground-effect theory (NACA Technical Memorandum 77).
As the wings approached the ground, there was an increase in static
longitudinal stability at positive angles of attack. When operating in
ground effect, all the wings had stability of height at positive angles
of attack and instability of height at negative angles of attack. Wing-
tip fairings on the wings with aspect ratios of 1 and 2 produced small
increases in lift-drag ratio in ground effect. End plates extending
only below the chord plane on the wing with an aspect ratio of 1 pro-
vided increases in llft coefficient and in llft-drag ratio in ground
effect.
INTRODUCTION
The advent of the ground-effect machine as a possible transport
vehicle has promoted considerable interest in the machine as a large
overwater transport. A ground-effect machine, to be competitive with
other carrier vehicles, would have to travel at velocities where an
aerodynamic shape would be required from drag considerations. The
question then arises as to whether a vehicle cruising at these velocities
could utilize the aerodynamic llft of a wing more efficiently than the
ground air cushion for support. It might therefore be of interest to fly
an airfoil-shaped vehicle or a wing very close to the ground. Previous
research (refs. 1 to 4) has shown that a considerable increase in the
lift-drag ratio may be obtained by a wing flying in close proximity to
the ground; however, the aspect ratios studied in these investigations
(aspect ratios of 5 and 6) were higher than might be considered practi-
cal for a large vehicle flying close to the ocean surface.
In order to obtain information on the effect of the ground on wings
of low aspect ratio, a wind-tunnel investigation was conducted on a
series of rectangular wings having aspect ratios of l, 2, 4, and 6 at
several ground heights. The wings had a 22-percent-thlck, highly cam-
bered airfoil section with a flat bottom. The large amount of camber
Was used to produce high lift at angles of attack near zero, and the
extreme thickness could provide greater cargo space.
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A
Ae
Ae,_
b
C
CD
CD,min
CL
em
D
h
h'
L
L/D
aspect ratio, b2/S
effective aspect ratio in ground effect
effective aspect ratio for wings out of ground effect
wing span, ft
airfoil chord, ft
drag coefficient, D/qS
minimum drag coefficient
lift coefficient, L/qS
lift-curve slope
pltchlng-moment coefficient, My/qSc
wing drag, ib
height of c/4 above ground plane, ft (fig. i)
height of trailing edge of wing above ground plane, ft
wing llft, ib
wing llft-drag ratio
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q
S
V
c&
P
pitching moment, ft-lb
free-stream dynamic pressure,
wing area, sq ft
free-streamvelocity, ft/sec
angle of attack, deg
mass density of air, slugs/cu ft
1 2 lb/sq ft
,
APPARATUS AND TESTS
Model
The models used in the investigation had rectangular planforms and
aspect ratios of l, 2, 4, and 6. The principal dimensions of the models
and a table of airfoil ordinates are given in figure 1. All wings had a
chord of 12 inches and a Glenn Martin 21 airfoil section (ref. 5) modified
to provide a flat bottom wing from the 0.30c station to the trailing edge.
Wing-tlp fairings and end plates (fig. 2) were attached to the wings with
aspect ratios of 1 and 2 for some tests. With these tip falrings, the
aspect ratios were increased to 1.4 and 2.4. The additional wing area
was taken into consideration in computing the coefficients. The end
plates, which were made of O.030-inch-thick sheet metal attached to the
wing tip, extended 1 inch below and were parallel to the lower surface
of the wing and were trimmed to the airfoil on top for the out-of-ground-
effect test. For the ground-effect tests the angle of attack and height-
chord ratio were set, and then the end plates of the test and image wings
were set with their bottom edges parallel and as close as possible without
touching. Three-component straln-gage balances were mounted internally
in the models to measure the lift, drag, and pitching moment. A different
balance was used in the A = 1 and A = 2 wings from the one used for
the A = 4 and A = 6 wings. The balances were selected with drag sen-
sitivities so that the measured drag forces on the various wings would be
commensurate with the wing size.
Te st s
The ground-effect tests were conducted in the wind tunnel by the
image-wing method since this method does not present the boundary-layer
problems associated with the wing and ground-board methods. (See ref. 6.)
The Image-wlng technique involves the use of an identical model mounted
4inverted with respect to the test model as shown in figure 3. The addi-
tional wing is, in effect, an image or reflection of the test wing with
the distance between the two wings being equal to twice the ground height
represented. Tests made with the image-wlng method have, in the past,
produced results which correlate well with results of tests in which a
model was actually moved over a still surface.
Force measurements were taken with an internally mounted strain-
gage balance on the upper model only. Tests were made with the image
wing in place throughout an angle-of-attack range from -8° to 12 ° and
at values of h/c from 0.042 to 1.OO0. Tests were also made over an
angle-of-attack range from -lO o to 20 ° with the image wing removed to
represent the h/c = _ case. Based on the wing chord, the test Reynolds
number was approximately 490,000. Several tests were made with the wing-
tip falrings on the A = 1 and A = 2 wings at the lower values of
h/c.
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RESULTS AND DISCUSSION
Effect of Aspect Ratio
The longitudinal aerodynamic characteristics of the wings out of
ground effect presented in figure 4 show effects of aspect ratio similar
to those obtained in previous investigations. (For example, see ref. 7.)
There was a reduction in llft-curve slope and increases in both profile-
drag and induced-drag coefficients as the aspect ratio was decreased,
and for positive angles of attack there was an increase in longitudinal
stability associated with a decrease in aspect ratio. One point of
interest shown by the data of figure 4 is that, since all these wings
have about the same angle of attack for zero lift, the wings with the
lower aspect ratios have the lower values of CL at m = 0° because
of their lower lift-curve slope. It would therefore appear that the
lower aspect ratio wings are inherently limited to lower operating lift
coefficients.
The results showing the effect of the ground on the aerodynamic
characteristics of the wings with aspect ratios of l, 2, 4, and 6 are
presented in figures 5 and 6. The same data are presented in both
figures; however, in figure _ the variation of CD3 m, Cm, and L/D
with CL at various height-chord ratios is presented whereas in fig-
ure 6 the variation of Cm, CD, CL, and L/D with h/c at various
angles of attack is presented. The data of figure 5 show that for all
the aspect ratios the lift-curve slope increases as the ground is
approached. This increase in lift-curve slope, however, is accompanied
by an increase in the angle of attack for zero lift. The lift coefficient
5at an angle of attack of 0o is approximately the same for all values of
h/c. This characteristic is significant in connection with the appli-
cation to ground-effect machines which operate near zero angle of attack,
for it means that a very highly cambered wing will probably be needed to
obtain a reasonably high operating lift coefficient.
The variation of lift coefficient with height above the ground shown
in figure 6 is a factor that should be considered in the selection of the
operating angle of attack of a ground-effect machine in forward flight.
The data indicate that a reduction in height causes a loss in lift at
negative angles of attack, little or no change at zero angle of attack,
and an increase in lift at positive angles of attack. At positive angles
of attack the machine would therefore have a stability of height which
would not be present at zero and negative angles of attack. (At negative
angles_ of course, there would be height instability.) This variation
of height stability with angle of attack indicates that a positive angle
of attack will be desirable for cruising flight. The data of figure 6
show a reduction in negative pitching moment at zero angle of attack as
the ground is approached. The pitching-moment data of figure _ show
that, for positive angles of attack, the static longitudinal stability
is increased as the height above the ground is reduced.
The summary of the lift-curve slopes at _ = 0° presented in fig-
ure 7 shows the effect of height to be more pronounced for the lower
height-chord ratios. At a height of one chord the wings appear to be
essentially out of the influence of the ground.
The data of figure 5 show the effects of the ground on drag, that
isja reduction in induced drag and essentially no change in profile
drag as the ground is approached. At the lower ground heights, the
induced drag is reduced to very low values, especially for the A = 4
and A = 6 wings. This drag reduction is reflected in the L/D plots
of figure 5 which show large increases in L/D as the ground is
approached. These plots also show that maximum lift-drag ratio is
obtained at progressively higher lift coefficients as h/c is reduced.
The data shown in figure _ for h/c = 0.042 and _ = 2° are
replotted in figure 8 together with similar data for h/c = _. Also
shown in figure 8 is a dashed line representing a possible upper limit
in L/D for the various aspect ratios. This upper limit was obtained
by taking the value of the lift coefficient at _ = 2° and h/c = 0.042
for each aspect ratio and dividing it by the minimum drag coefficient
of the wing. The assumption in this procedure is that the highest pos-
sible L/D is obtained when the induced drag is reduced to zero and
only the profile drag remains. The curves of figure 8 indicate not only
that there is a reduction in the potential lift-drag ratio when the aspect
ratio is reduced, but also that the beneficial ground effect actually
obtained with the lower aspect ratios appears to be a smaller percentage
of the potential gain possible.
6Ground height in terms of wing chord has been used for convenience
in this investigation since the wing chord of the models was held con-
stant as aspect ratio was reduced; therefore, a given value of h/c
represented the same absolute height above the ground for all aspect
ratios. The theoretical treatment by Wieselsberger presented in refer-
ence 2, however, was developed using the helght-span ratio rather than
the helght-chord ratio as the correlating parameter. A plot similar to
that shown in figure 8, but with the data presented in terms of h_
rather than h/c is shown in figure 9. These data do not show the
pronounced advantage of the higher aspect ratio wings indicated by fig-
ure 8. In fact, the A = 1 and A = 2 wings seem to realize about as
great a proportion of their potential beneficial ground effect as the
A = 4 and A = 6 wings.
The theory of reference 2 indicates that the percentage increase
in L/D or effective aspect ratio produced by operating in ground effect
at a given value of h_ is the same regardless of aspect ratio. Fig-
ure l0 shows the theoretical variation with h_ of the ratio of the
effective aspect ratio in ground effect to that out of ground effect
(Ae/Ae,=). The dashed portion of the curve represents the range of h_
for which the author of reference 2 felt the theory was inapplicable.
Also shown in figure lO are values obtained from analysis of the data
of figure _. The agreement between theory and experiment appears to be
generally good in the range of h_ values (0.03 to 0.25) for which
the theory is considered valid. At values of h_ lower than 0.03,
the theory underestimates the beneficial ground effect.
In view of the relatively high values of minimum drag coefficient
produced by the thick airfoil section used in this investigation, it
would seem that a substantial improvement in L/D could be obtained by
using a thinner section. Reference 7, for example, shows much lower
values of minimum drag coefficient for wings having Clark Y airfoil sec-
tions. Data showing the effect of the ground on an A = 5 rectangular
wing with a Clark Y-H airfoil section are presented in reference 4. The
Clark Y-H section is about 12 percent thick and has a reflexed trailing
edge. In order to indicate the improvement in L/D that could be
obtained by using a thinner wing than that used in the present investiga-
tion, data from reference 4 are presente_ in figure ll and compared with
data obtained by interpolation from the plots of figure _. Since the
trailing edge of the wing was used as the reference height point in
reference 4, the data from the present investigation were also put in
terms of h'/c for this comparison. Figure ll shows that the reduction
in wing thickness produces the expected improvement in maximum lift-drag
ratio and that the improvement was greater in ground effect than out of
ground effect. Because of the reduction in camber accompanying the
reduction in thickness, the maximum lift-drag ratio occurs at lower lift
coefficients for the thin wing, but the range of superiority of the thin
wing in ground effect extends to fairly high lift coefficients. The
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thick, highly cambered wing of the present investigation provides high
values of L/D only at the very high llft coefficients. A possible
advantage of the thick wing is the lower angle of attack for a given
lift coefficient. For example, at a llft coefficient of 1.2 and h'/c
of 0.029, both wings provide a value of L/D of a little over 40 but
the angles of attack for the thick and thin wings are 2° and 8°, respec-
tively. Thus, the thick wing may be used to an advantage where the
operating angle of attack must be kept low while flying at a high lift
coefficient.
Effect of Wing-Tip Modifications
Wing-tlp fairlnss.- The data of reference 7 show that certain wing-
tip fairlngs were beneficial in reducing the profile drag of low-aspect-
ratio wings. In an effort to obtain lower profile drag and higher values
of L/D with the A = 1 and A = 2 wings used in this study, tests
were made with the wing-tip fairings shown in figure 2. The effect of
these fairings on the aerodynamic characteristics of the wings out of
ground effect is presentedin figure 12(a). These data show that the
minimum drag was decreased by the falrlngs, but since there was also a
reduction in lift coefficient at a given angle of attack, only a small
improvement in L/D was obtained. The data of figure 12(b) obtained
from tests in ground effect at m = 2° indicate that the fairings pro-
vided a modest improvement in L/D for both wings at the lower values
of h/c.
End plates.- End plates extending below the wing only (see fig. 2)
were tested on the wing with an aspect ratio of 1 over an angle-of-attack
range from 0° to 4° with the trailing edge of the wing held at a constant
height above the ground (h'/c = 0.042). An end plate extending below the
wing only was chosen because it was of interest to see the effect of pre-
venting the ram air on the lower surface from flowing around the wing
tips. The data obtained in these tests are presented in figure 13. The
results indicate that addition of the end plates produced a substantial
improvement in L/D over the test angle-of-attack range. This increase
in L/D was caused by a large increase in lift coefficient at a given
angle of attack and was great enough to more than offset the increase in
drag coefficient caused by addition of the end plates. The large increase
in llft coefficient produced by the end plates is considered especially
significant in view of the desirability in some cases of having as high
a lift coefficient as possible at the low angles of attack at which a
ground-effect machine of this type would normally be operated. It should
be pointed out, however, that increasing the aspect ratio from 1 to 2
would provide greater overall aerodynamic benefits than adding the end
plates. The data of figures 9(a) and (b) and figure 13 indicate that
the increase in aspect ratio would produce almost as much lift increase
as the end plates and would provide much higher values of L/D.
SU_@4ARYOFRESULTS
The results of a wind-tunnel investigation to determine the effect
of ground proximity on thick highly camberedwings with aspect ratios
of l, 2, 4, and 6 over a range of angles of attack from -8° to 12° and
height-chord ratios from 0.042 to 1.O00 maybe summarizedas follows:
1. As the ground was approached, all wings experienced increases
in lift-curve slope and reductions in induced drag which resulted in
large increases in lift-drag ratio.
2. Although an increase in llft-curve slope was obtained for all
aspect ratios as the ground was approached, the llft coefficient at
an angle of attack of 0° for any given aspect ratio remained nearly
constant.
3- The results of the investigation were in general agreementwith
Wieselsberger's ground-effect theory (NACATechnical Memorandum77).
4. As the ground was approached, there was an increase in static
longitudinal stability at positive angles of attack. In addition, when
operating in ground effect, all the wings had stability of height at
positive angles of attack and instability of height at negative angles
of attack.
5. The use of wing-tip fairlngs on the wings with aspect ratios of
1 and 2 produced small increases in the values of llft-drag ratio in
ground effect.
6. The use of end plates extending only below the wing chord plane
provided increases in lift-drag ratio and lift coefficient for the wing
with an aspect ratio of 1 very close to the ground.
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Langley Research Center,
National Aeronautics and Space Administration,
Langley Field, Va., May 19, 1961.
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Figure 3.- Photograph of a model and image in the tunnel.
r-4
clo
,--t
o
0
JIJ_L_J
ii!ii!!iFiji
i!!i i!:
111i![!tiiii
i!_Liii_,,li
I!_ !iii1_:ii
if! -
i_I ._i;i[_
_illiii....
!][ _iJ!!t;!
!!!i_'i....
IH_itii!_l
!ii iJitlilil
i!i il]!ii_il
ii_ii ii!!!l_
i!Fiiil_
IrMii.
iii][iiliii;
iiiJl!iiJii_
JiiiiiiLilii
!!_!!!!ilk
ili!!if
......!!!
...... i
ii!!i!ii
;[_Li.xi
iiiI
_I] _,
_!u_- _
iilii:,
i
iiitl
IIII : i i
IHl:;kl
ll!i_kii
1?_ili
i)itlii
[iitf ]!1
!t!:i !!::!
F!fi :: =
i:il _
i_:i!r iii
1;:HI ',I
iitii!i [[it
gli!i :_:'
I
o
o
I
I
o
'-D
O
r/l
O
-el
N
4._
O
©
t/l
,-_ II
O
¢../
m N)
-el
0
o
e_
!
A
._--t
14 +
i!IiiI+_+,!_H
+! i!i+i_i
m]m_i+[
+Mm
_+i++++++++
++
_m_,I,
...."_!I!
I!tI l!iiii!
r,-t
it]iil
_ m
tli
m
++++
,q
0
!
I
• r..3
I
0
0
t
I
e-t
0
I
II
v
kD
o2
0
0
.el
4-_
0
11)
,m 0
_._
g_
!
r/l
0 m
-o 0
_ or-I
4_
0
0
!
I
kO
_4
L
D
8
7
6
5
4
3
2
1
(a) A = i. Concluded.
Figure 9.- Continued.
.3
-8 -4 0 4
a ,deg
(b) A = 2.
Figure 9.- Continued.
-,1
Cm
-.2
2T
17
t'-
kO
_L
D
2O
18
16
14
12
I0
8
6
4
0
.2
T
J
J
L
I
+l
I
I
L
I
J
1
I
I
I
I
!
I
J,
Y
t
+
]
I
L
l
L
!
I
!
J
I
±
l
1
1
L
L
1
l
I
k
t
1
1
l
1
1
L
1
1
1
l
I
1
l
1
k
.4
I _ I I I
++4++
ii:ii 1
+_4+'- I
tlttt
.... -t
.+++_
+÷++_++ I
_÷÷÷ t
+ill+
+_+++
.4-÷-÷-+÷-
_ .I t4 + I
44 l&J, _ ]
1
/tlttt ,
_+++ 1
@ t t * _ 1
+t÷+÷ t
!!!!! ,
+÷+++. I
+. +. + , .l
+i++_, I
!!!!! I
+t _+ !4 l
,+++++ _
!!!_]! t
...... i
!+t_t! I
++++++ I
+++++t [
/
1
HHLI
I llJi I
llllll
.8 .8 1.0 1.2 1.4 I._
C L
(b) A = 2. Concluded,
Figure 9.- Continued.
18
1.8
1.6
1.4
1.2.
1.0
C L .8
i_i_l_!!i_-_............,_ !_
!!!ti _ iil_.!_!, @!
-.2
0
_:_, :,;: ........ _...... f: :'::i_ 0 0.042
_ .i:_:l !!_ i:,_:_:_!_ !i o .083
_ _ _i!!!_ii_ Ho .,67
ii_iIiiii_ii_ _ i ° °°_
ili
_ i:_!il!i::t': i!Ni_i!li!it:.i! H:i!ilit_
i!_!i, _ ........
_S'£S :_'+
.I .2 -8 -4 0
CD
iii!!i i!ii,i
_" _..u_: ii}:i _;: iiiii iii:
.............. i_ iill i!i
"_.-_-'!_s_:gs!_._.H !:?i}iii '
7. !!!!!!! :::I:: !!!!:.!!_i_:; _ii_:
:, _i::i!iiiiiiii .. ,:_ i!_! i::i
i _!i!t !_:h:-it::ii!liiiili:i]i!i:!iiiill Hi_.i _::
:utm_ :_:::u i!!:![!!
..................... i:2
i:.i::.iii _t_ !12]iii!!ii!!!!!i:-!':iill ii :[
!_ _ii[-}!i!k: i]_si!_::::ii]Hi?ii;i .....iHx
::;"_ i!ii: _!:.iii__ _ Iiii:!::!!t:.
] : :.K,. ;_ ......
=;;;=-:?5!H? Ii_t Iit_
: fiJi:J:_S!_ _ u::: ,,}i Hi7
:i. ,:!:, !I:_, t_ff I11ii!i':::iii_
4 8 12 0
,deg
(c) A = _.
Figure _.- Continued.
I
z9
b-
(c) A = 4. Concluded.
Figure }.- Continued.
1.8
1.6
1.4
1.2
h
T
0 0.042
[] .083
0 .167
.333
.500
.667
.834
0 1.000
---I
ce
1.0
.8
.6
.4
.2
.I .2
C D -8 -4 0 4 8
_,deg
12
0
16
-,I
C
m
-.2
(d) A=6.
Figure _.- Continued.
I
21
b-
kO
5O
45
4O
35
SO
25
D
20
15
i0
i
!
i
j
L
L_
L,
L_
I
|.
I:
].
!
I,
.[.
].
,t
_J
_ J_
0 .2 .4 .6 .8 Io0 1.2 1.4 1.6 1.8
CL
(d) A = 6. Concluded.
Figure 5-- Concluded.
/22
-.2
C m - .1
,2
C D .l
1,O
.8
,6
.4
CL
.2
-.2
-,4
i71i_ iiJ
ii ii!l![![!it
ii • N
:7
!tktTH
_{"PG!
H_
Ni iiii:
It i :'::
]m im
111!iii
;' .LI__.
7If:.il :
V_
i!!!!_--
i_ii4_7_
!i!t_
iii[12
Nllli??_
_i_ a,deg-
0 -B
....!_ -2
iU_li:!!
.... :_2_
[Jill!ill
t+_!!
7ii!tt!il
5}7}7:7[
HiiNii?
i!!it_t:
II
::IILII:
;1i!E
i!NNii
mliNt
iil:Iti_
m:
_ili[![t
iiiiiN;
(8.)A : _.
F4_gure _.- A.erodyna.mle eharaeter lstlcs for w lngs with aspect ratios
of 3_, 2., _, and 6 at var:lous angles of attack.
23
kO
D
7
6
5
4
3
0
0 .i .2 .3 .4 .5 .6
A
c
.7 .8 .9 1.0
(a) A = I. Concluded.
Figure 6.- Continued.
24
-,2
Cm - .I
0 .2
1,6'
1.4
1,0
.8 ¸
C L .6 ¸
.4
.2 ¸
-.2
-.¢
wv:
4:"
L
K
Hi!
[IL!
:i!i
H_
_1_
0 .2 .4 .6 .8
H!-i!!:
'l: !:ii
!illlli
:-!_iNg
r:5 _=
LII
ii ii
"i
i_iiiii
iI;1[];[:
:itilii;_
_[IN
:;:::
iH[ii
tHt_r:_
,, i m
!;!=!!!
iiliii
t!Iltiik
!!HI!
'!'!'!fi
ili!il!7
1.0
(I,dell
O -8
D -6
<> -4
A -2
,4 0
n
13 4
O S
0 S
I0
k.N
Oh
--4
Figure g,- Cont, inuecl.
I
25
b-
kO
Wh
2O
18
16
14
12
10
D
8
4
.I ._ .3 .4 .5 .6
h_
c
,7 .8 .9 1.0
(b) A = 2. Concluded.
Figure 6.- Continued.
26
C D
-.2
Cm - .I
0
.2
.I
0 1.8
1.8
1.4
1.2
1.0
.8
C L
.8
.4
.R
-.2
0 .2 .8 .8 1.0
I-'
O_
--.1
(c) A = _.
Figure 6.- Continued.
27
b-
4O
Z0
A
D
15
10
_+_+_
-4--*-
.-t--i-
-.I-.t-
-I--i-
..,_i E
44 ! H
1-I I_
I I |4M-
"_, ,M"4"4-
_444_
H-4 14g
ttt t_ t
._
1.0
(c) A = 4. Concluded.
Figure 6.- Continued.
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Figure 6.- Continued.
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Figure 6.- Concluded.
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Figure 8.- Variation of lift-drag ratio with aspect ratio based on
wing height-chord ratio. _ = 2° .
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Figure lO.- Comparison of the theoretical and experimental effect of
ground proximity on the ratio of effective aspect ratio in ground
effect to that out of ground effect.
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Figure ii.- Effect of ground height on two %_ngs of aspect ratio 5 and
different section thickness. Trailing edges held at constant height
above ground.
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Figure 12.- Concluded.
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